Introduction and motivation
With continuous miniaturization of industrial products, understanding of micro-scale deformation of materials increases in its significance. In micromachining of metals, the depth of cut is usually less than the average grain size of a polycrystalline aggregate. As a result, the cutting action may occur entirely within a single crystal. In the experimental micromachining studies, such parameters as the cutting force, shear angle, dynamic shear stress and chip thickness were observed to depend on the orientation of the cutting direction and the cutting-plane normal with respect to the crystal axis. This is naturally Manuscript Click here to download Manuscript: Manuscript_Demiral_etal.doc Click here to view linked References   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 explained by the fact that single crystals are highly anisotropic in their physical properties [1] . To elucidate the underlying physics for the micromachining process, different analytical and numerical models were proposed.
Sato [2] tried to use the continuum yield theory to analyse changes in the shear stress and shear angle with material anisotropy, but the attempt was unsuccessful as the value of the shear angle was in the reverse phase to shear stress. Later, Sato et al.
[3] calculated the shear angle from the vector sum of slip directions on active slip systems based on the assumption that the amount of shearing on the slips system is proportional to its Schmid factor.
Shirakashi et al. [4] used the Hill's orthogonal plastic anisotropy theory to predict shear angles in cutting f.c.c. single crystals. This approach, however, was found to be not suitable for predicting machining forces. Lee and Zhou [5] and Lee et al. [6] used an effective Taylor factor to predict a shear angle in single-crystal cutting.
For each crystallographic orientation, this factor was calculated for all possible shear angles.
However, it was observed (based on the minimum energy criterion) that a range of shear angles might exist for a given type of material's anisotropy. The authors proposed that the most likely shear angle was the one corresponding to the most negative texture-softening factor among the ones with the same minimum shear strength.
This work was then extended using the Here, machining in a single crystal of β-brass with a b.c.c. crystalline structure is studied. It was known that the active slip system of this structure is {110}<111> [16] ; therefore, only this set -from three potential system in b.c.c. materials -was enabled in the simulations. Three material parameters, C 11 = 131.0 GPa, C 12 = 115.0 GPa, C 44 = 92.0 GPa, were used to define the elasticity tensor for the β-brass crystal [17] , the respective plasticity parameters used in the simulations are listed in Table 1 . The simulations were performed using the EMSGCP and enhanced modelling scheme of crystal-plasticity (EMCP) theories implemented in the finite-element code 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 ABAQUS/Explicit [15] using the user-defined material subroutine (VUMAT). Their comparison elucidates the amount of evolving strain gradients during the deformation process. The summary of the theories is given in Appendix. Table 1 3 Results and discussion Table 2 . Table 2 Fig and -90° using FE analysis. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 respectively, are larger compared to that in the [0 - with an increase in the cutting length, the EMCP theory predicted the force value, stabilised at larger cutting-length magnitudes (Fig. 4 ). These observations are valid for all the studied cutting directions. The difference in the predicted cutting forces for the two theories was due to the fact that the EMSGCP theory characterises the contribution of strain gradients and its evolution during the inhomogeneous cutting process, and, hence, the strain-hardening rate was higher. The averages of force magnitudes for the cutting lengths of 0.6 μm and 1.2 μm were calculated; they are listed in Apparently, the observed differences in realisation of micro-cutting in different directions should be underpinned by some processes at micro scale. with to a higher extent in the former. However, the variation in were observed in both regions;
hence, an increase in the GNDs was found there.
For θ = 90°, was more evenly distributed in both regions, but its variation was more pronounced in the primary deformation zone; as a result, more
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The hardening model proposed by Peirce et al.
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